INTRODUCTION
Exposure to general anesthesia causes widespread apoptotic neurodegeneration in the developing mammalian brain [1] . Some researchers suggested an association between early exposure to anesthesia and long-term impairment of cognitive development [2, 3] . Anesthesia-induced cognitive impairment may depend on developmental stage, anesthetic agent, and number of exposures. Cholesterol is a critical component of the central nervous system involved in the maintenance of normal brain function including synapse formation, receptor function, synaptic plasticity, and signaling [4] . Cholesterol diet reverses the problems that are associated with learning and memory in rats which are either deficient in cholesterol or deficit in cholesterol synthesis [5] . Converging evidence indicates that altered cholesterol levels and/or metabolism are associated with changes in learning and memory [6] . There are relatively few studies on memory retention following cholesterol diet. However, a recent investigation indicates that dietary cholesterol may retard longterm memory [7] . In addition to changes in learning and memory, studies have also shown that cholesterol can impact brain pathology, including breakdown of blood brain barrier (BBB), microglia activation, apoptosis, elevated inflammatory marker expression, myelin sheath and axon damage, β-amyloid accumulation, tau phosphorylation, and cerebrovascular changes [7] [8] [9] . Based on the persuasive evidence for the beneficial effects of cholesterol against cognitive dysfunctions, the present study was conducted to examine the therapeutic effects of cholesterolrich diet on cognitive deficits or brain pathology in rat model.
EXPERIMENTAL Animal grouping and cholesterol diet
The twelve-week-old healthy Wistar rats were divided into two groups the group I (n = 16) rats fed with regular/normal diet and group II (n = 16) with cholesterol diet for 2 months respectively. These groups were further divided into subgroups as group Ia (n = 8) and group IIa (n = 8) for received weekly exposure of anesthesia for 6 weeks, respectively. [10, 12] . After three months, animals on the normal diet (n = 10) and the cholesterol diet (n = 10) were given weekly i.e. injections containing 100 µL of heparinized saline for two months via the dorsal penile vein. Prior to injection, each rat was anaesthetized by an intraperitoneal injection of thiopental (400 µl/100 g, 12.5 mg/mL). Animals receiving a three-month normal diet (n = 7) or cholesterol diet (n = 6) undisrupted by anesthesia treatments served as control animals.
Sample preparation
Animals were anesthetized by subcutaneous sodium thiopental (12.5 mg/ml, 1 mL) injection. Brains were removed and the frontal cortices were dissected from the left hemisphere. One section of cortex was frozen at -80 o C. The right brain hemisphere was post-fixed overnight in 4 % paraformaldehyde (PFA) and then stored in 20 % sucrose/sodium azide solution. The frozen cortical tissue for ELISA evaluation was dissolved in 100 µL ice-cold PBS containing protease inhibitor cocktail (P-8340, Sigma), homogenized using an ultrasonic device (Hielscher Ultrasonic Processor, Germany) and then centrifuged at 16,000 g for 10 min at 4 o C. The supernatant was collected and samples were stored at -80 o C until further use. Total protein was determined by Bradford protein assay.
Measurement of cortical nerve growth factor (NGF)
Cortical NGF levels were measured in cortex extracts using an indirect sandwich enzymelinked immunosorbent assay (ELISA) as previously described [11] . The 96-well plates were coated with a monoclonal anti-NGF antibody diluted in carbonate coating buffer (pH 9.7) and incubated overnight at 
Evaluation of inflammatory proteins
The detection of inflammatory proteins such as monocyte chemotactic protein-1 (MCP-1), macrophage inflammatory protein-2 (MIP-2), tumor necrosis factor-α (TNF-α) and interleukin-1β (IL-1β) was performed using the Thermo Scientific Search Light Protein Array Technology (THP Medical Products, Vienna) according to the manufacture's recommendations (Bio-Rad) and as described previously [12] . Cell extracts or calibrated standards were added to coated wells of the provided plate and incubated for 3 h. After washing, the biotinylated antibodies were added and following 30 min incubation the wells were washed again and incubated with streptavidinhorseradish peroxidase conjugate. After the final washing step the Super Signal Chemiluminescent substrate was added. All incubation steps were carried out on a shaker at 20 o C. The luminescent signal was detected using a compatible CCD imaging and analysis system and the absorbance was measured at 450 nm. The concentration of each sample was quantified by comparing the spot intensities with the corresponding standard curves calculated from the standard sample results using the Search Light Array Analyst Software. Integrated density values were proportional to the concentrations of bound proteins. Standard curves, raw data and final pg/mL concentrations for each analyte and each sample were reviewed in the array software and exported to Microsoft Excel Software for further statistical analysis. Sample values were calculated from a standard curve in the linear range.
Statistical analysis
One-Way ANOVA was used for the analysis of statistical significance in SPSS version 11 (Chicago IL.) for cognitive performance and all other measures. All data are reported as mean ± SEM (n = independent experiments or individual animals). Level of significance was performed between p < 0.05 or p < 0.0001 for all statistical tests.
RESULTS
The body weight of groups Ia (normal diet animals) and Ib (normal diet followed by anesthesia) was 320 to 350 g, and for groups IIa (cholesterol diet animals) and IIb (cholesterol diet + anesthesia), it was between 375 and 400 g. Thus, approximately 25 to 50 g increase (p < 0.03) in body weight for groups IIa and IIb was observed. However, there is no significant variation in body weight between group Ia & Ib as well as between group IIa & IIb. Thus anesthesia showed no effect on body weight of treated animals.
However, group IIb (cholesterol+anesthesia) animals exhibited significantly (47.05 %, p < 0.05) elevated levels of cortical NGF when compared with group IIa, indicating that exposure to anesthesia might lead to the dysfunction of cholinergic system under normal die (Fig 1) . Group IIb animals also exhibited significantly (p < 0.0001) elevated levels of cortical NGF compared to that of group Ib animals (Fig 1) . Moreover, significantly decreased levels of cytokines IL-1β (59.09 %, p < 0.005) and TNF-α (20 %, p < 0.025) observed in group IIa (cholesterol fed) rats than that of group Ia (normal diet) rats. However, no significant difference in the levels of MCP-1 and MIP2 was observed in group Ia and group IIa (Figs 2 and  3) . The microglial marker was assessed by OX-42 staining, which showed significantly increase (16.66 %, p < 0.025) effect on cholesterol diet or group IIa than that of group Ia (normal diet). However, no significant difference was found between group Ib and group IIb rats (Figs 2 and  3) we observed the immuno reactivity of anti-rat IgG staining where we found significantly increased (49.80 %, p < 0.05) staining pattern in group II rats than that of group I rats (Fig 4) . 
DISCUSSION
In this study, we have attempted to show the beneficial aspect of cholesterol in protecting against the deficits in spatial learning and impairment in nerve growth factors. However, some researchers have proposed the impairment of cognitive function in humans as a cause of repeated exposure of anesthesia [2, 3] . In addition to changes in learning and memory, some reports revealed the impact of cholesterol on brain pathology like BBB breakdown, microglia activation, elevated inflammatory marker expression, myelin sheath and axon damage, β-amyloid accumulation and cerebrovascular changes [7, 8] .
It has been reported that diet-induced hypercholesterolemia, or high cholesterol, in male Sprague Dawley rats results in impaired learning and memory, reduced survival of NBM (Nucleus Basalis of Meynert) cholinergic neurons, reduced cortical acetylcholine, elevated inflammatory factors, elevated cortical β-amyloid, tau, and phospho-tau 181 and increased presence of small cortical BBB (blood brain barrier) feedings [13] .
Our study was designed to induce the cognitive deficits via frequent exposure of anesthesia (Thiopental) in wistar rats. The cholesterol diet was administered to protect these deficits and the experimental groups were designed with appropriate control groups determining the levels of nerve growth factor and cortical inflammatory markers.
We observed a minor difference in body weight between cholesterol-fed (group II) and normalfed (group I) animals. Interestingly, there were no significant changes found between group Ia (normal diet fed animals) & Ib (normal diet followed by anesthesia) as well as group IIa (cholesterol fed animals) & IIb (cholesterol followed by anesthesia). This is consistent with the similar study performed in male Sprague Dawley rats [13] .
Earlier investigations have reported the impact of anesthesia towards profound cognitive impairment in learning and memory leading to defects in brain function at various levels [14] . Similarly, we observed significantly decreased level of spatial learning, neural growth factors and alterations of pro-inflammatory markers in rats exposed to anesthesia (thiopental) with normal diet (group Ib) than that of non-exposed normal-fed (group Ia) animals.
Moreover, the vital effect of cholesterol diet in this experiment involves increased microglial and IgG cortical staining, which propose the activation of neuro-inflammation marker microglia and disruption of blood brain barrier
The mechanism of thiopental-induced cognitive impairment is still not clear, however, we believe that the behavioral, cellular, and biochemical deficits in these animals are caused from frequent exposure of anesthesia. This demonstrated that thiopental promotes enhanced GABA release resulting in inhibitory synaptic transmission [15] .
Our investigation on Cortical NGF also revealed a significantly enhancement in the levels of NGF in group IIb when compared with group Ib. This study is in line with other studies that cholesterol can modulate anesthetic suppression of ion channel currents [16] .
The frequent exposure of anesthesia-induced disruption of membrane signal transduction might be protected by cholesterol diet, which facilitate in maintaining cholesterol homeostasis [17] . Nevertheless, the rationale is to consider that dietary cholesterol cannot cross the BBB.
CONCLUSION
On studying, the therapeutic effects of cholesterol-rich diet on cognitive deficits or brain pathology in rat model. We concluded that repeated exposure of anesthesia induced cognitive dysfunction in treated animals that could be protected by means of cholesterol diet.
